Ethnic density is increasingly recognised as an important correlate of mental health in the UK.
Ethnic minority individuals living in areas with high levels of own and overall ethnic minority concentration, irrespective of the level of deprivation, exhibit better mental health outcomes. [1] [2] [3] Understanding how this phenomenon exerts positive or protective effects on mental health may be the key to alleviating some of the prevalence differences found among ethnic groups.
For example, research has shown how belonging to an ethnic minority group, especially from an Asian population, or being born in a non-English speaking country, are significant risk factors for developing postnatal depression (PND) in London. 4 Specifically, when compared with White British and White Irish populations, the prevalence of PND is significantly higher among Indian, Pakistani and Black Caribbean populations. 5 Ethnic differences have also been demonstrated in personality disorder, with higher prevalence rates among Black and other ethnic minority groups. 6 With the UK becoming more ethnically diverse, understanding the precise mechanisms leading to these differences, and what can be done to alleviate them, has therefore become increasingly important.
To date, no study has examined the effect of ethnic density on personality disorder, and only one study has examined the effect of ethnic density in women with PND, finding no significant association between ethnic density and PND in ethnic minority women. 7 However, this study did not include a White sample and a single question was used to screen women with PND, both of which may represent limitations. Therefore, there is a need to explore the ethnic density effect in personality disorder and PND.
Both PND and personality disorder are relatively common conditions: personality disorder is estimated to have a weighted prevalence of 4%, 8 while clinically diagnosed depression, from birth to two months postpartum, has a period prevalence of 6%. 9 Moreover, PND and personality disorder frequently co-occur, [10] [11] further reinforcing the importance of determining whether an ethnic density effect exists for either disorder.
With all this in mind, we aimed to clarify the relationship between ethnic density and PND, and sought to determine whether an ethnic density effect operates for personality dysfunction, representative of subclinical personality disorder, in order to extend the frontiers of this area of research. Specifically, we aimed to (a) test whether the ethnic density effect is group-specific (i.e., own ethnic density) or simply the result of living among other ethnic populations (i.e., overall ethnic density); (b) examine whether ethnic density correlates linearly with the severity of each disorder; and (c) determine the diagnostic specificity of this putative effect, by investigating the effect on both PND and personality dysfunction, and specifically if this effect would differ according to whether the diagnosis was short-term, as in the case of PND, or long-term, with respect to personality dysfunction.
METHODS

Sampling and participants
Analyses for this study were conducted using data collected as part of the Early Infant Care Study (EICS), which was approved by the relevant local research ethics committees. As described extensively before, 12 13 is an open-access diagnostic instrument for depression used in different health care and community settings, including the general population. [14] [15] It can be used to monitor the severity of depression and response to treatment 13 and has been validated in ethnic minority groups. 16 The PHQ-9 has also been commonly used to screen for depression, with a sensitivity and specificity of 88% for major depression. 13 In this study, the PHQ-9 was used to screen for PND, which was considered to be present if the total PHQ-9 score was >=12, which has better diagnostic properties than a cut-off score of 10. [17] [18] The Standardised Assessment of Personality Abbreviated Scale (SAPAS) 19 is a brief interview-based screening instrument for personality dysfunction, 20-21 consisting of eight dichotomously rated items. In this study, as in line with previous research, 21 a cut-off score of four was used to identify women with personality dysfunction. A cut-off of four has a slightly better positive predictive value when the prevalence in the population is assumed to be low, an assumption that befits our community sample. The SAPAS has also been used in studies with ethnically diverse samples 6; 21-22 and has a sensitivity of 82% and specificity of 89% when a cut-off score of four or more is used. 19
Individual-level measures
Ethnicity for all women was defined according to self-report criteria as used in the UK census. 23 Since there were too few respondents from each of the official 16 categories used in the UK census ethnicity was categorised into two main groups, 'White' and 'Black and minority ethnic' (BME), to allow detection of any significant associations in some analyses (not shown). Therefore, findings based on these two categories only are presented here. White constitutes all White British, Irish and White Other women, and BME encompasses the 
Area-level measures
Under the terms of the Open Government Licence (OGL) and UK Government Licensing and comprising between 400 and 1000 households. 25 Own ethnic density refers to the proportion of individuals from the respondent's ethnic group in a defined area, divided by the total population in that area. Essentially, it is the concentration of co-ethnics in a defined area. It was calculated as the number of residents in an ethnic group in each LSOA, divided by the total LSOA population. Overall ethnic density refers to the proportion of all BME individuals in an area, divided by the total population in that area. Unlike own ethnic density, it refers to the concentration of all individuals from any BME background in a defined area. In accordance with previously published research, overall ethnic density was calculated as the number of all BME groups, excluding white minority ethnic groups, in each LSOA, divided by the total LSOA population. 26 The Index of Multiple Deprivation (IMD) 27 from 2004 was used to measure arealevel deprivation and matched to LSOA. IMD represents a multiple deprivation score based on seven individual domains: income, health deprivation and disability, employment disadvantage, education, skills and training, poor access to housing and services, poor indoor and outdoor living environment, and crime levels. 27 The lower the IMD score, the less deprived the area. IMD was analysed as a continuous score in all analyses.
Statistical analysis
Analyses were performed using SPSS version 21 for Windows. Characteristics of the sample were compared using chi-squared tests for categorical variables and independent samples ttests for continuous variables. Area-level deprivation, maternal age, ethnicity, parity, marital status and infant/delivery features were analysed as a priori confounders, using regression analysis. Associations between own and overall ethnic density and mental health outcomes were initially analysed using Mann-Whitney U tests. To determine whether own and overall ethnic density were independently associated with PND and personality dysfunction, regression analyses were conducted. To allow the modelling of variance at individual-and area-level, and to account for geographical clustering, multilevel regression analyses were performed, using the PHQ-9 and SAPAS as continuous variables. LSOA was specified as the grouping variable, with individuals nested within these areas. Two level multilevel models with random intercepts and fixed effects for each predictor were specified, and the ethnic density variables were transformed using a square root transformation to meet all required assumptions of the linear model. Logistic regression, using robust standard errors to account for any non-independence caused by geographical clustering, were used to model the effects of ethnic density on screening positive for PND and for personality dysfunction. Separate parsimonious models were conducted for each ethnic group and for each mental health outcome.
RESULTS
Participant characteristics
The demographic features for the interviewed sample (n=2262) are shown in Table 1 .
Compared with White women, mothers from the BME group were more likely to be single (χ 2 (2) =184.4, p<0.001), under the age of 25 years (χ 2 (1) =50.07, p<0.001), to be multiparous (χ 2 (1) =26.42, p<0.001), have an emergency Caesarean (χ 2 (2) =6.89, p=0.032), have a baby with a lower birth weight (t (2, 256) =7.65, p<0.001), have a shorter gestational length (t (2, 258) =4.41, p<0.001) and live in a more deprived area (t (2,187) =-14.79, p<0.001).
Prevalence of postnatal depression and personality dysfunction
For the sample as a whole, the weighted prevalence of screening positive for PND only was 
Association between ethnic density, area-level deprivation and ethnicity
In total there were 90 analysed LSOA's within our sample. White women in the sample had significantly higher median own ethnic density scores compared with BME mothers (z=- Table 2 shows the median own ethnic density concentrations for women screening positive for PND and personality dysfunction compared with women who were healthy. Women who screened positive for PND were more likely to live in areas of lower own ethnic density (z=-3.81, p<0.001); the same effect was present for personality dysfunction (z=-3.20, p<0.001).
Association between ethnic density and postnatal depression or personality dysfunction
However, when women were divided by ethnic groups, only White women who screened positive for PND were more likely to live in areas of lower own ethnic density (z=-3.18, p=0.001), and again the same effect was present for personality dysfunction (z=-2.42, p=0.016); these effects were not present in BME women.
No statistically significant association was found between screening positive for PND or for personality dysfunction and overall ethnic density, for the sample as a whole, or specifically within the White and BME groups.
Own ethnic density as a predictor for positive screening of postnatal depression in the multi-level regression model
In the analyses described above, we have shown that lower own ethnic density was associated with an increased prevalence of PND and personality dysfunction, but only in White women.
Moreover, we have shown that lower own ethnic density in White women was associated with increasing area-level deprivation; and that a younger age, being single, screening positive for personality dysfunction, being multiparous and belonging to the BME group were significantly associated with positive screening of PND. Being in a non-cohabiting/nonmarital relationship, screening positive for PND, belonging to the BME group and living in areas with higher deprivation were significantly associated with personality dysfunction. In order to explore the different factors contributing to the association between own ethnic density and PND/personality dysfunction in White women, we then conducted multi-level regression modelling. Figure 1 demonstrates that an increase in own ethnic density was associated with a decrease in the predicted probabilities of reporting depressive symptomology. Consistent with these findings, for White women, living in areas with higher own ethnic density was significantly and independently protective against screening positive for PND (odds ratio 0.98 (95% CI: 0.96 to 0.99); p =0.002).
With regard to personality dysfunction, Table 3 .2 shows the multilevel regression results of the association between own ethnic density and SAPAS scores for White women.
Living in areas of lower own ethnic density was significantly and independently associated with higher SAPAS scores, after adjusting for area-level deprivation and geographical clustering, (Model 2). However, the association was no longer significant when taking into account relationship status and screening positive for PND (Model 3). Upon further analysis, screening positive for PND was found to be confounding this association; and robust logistic regression results confirmed no significant association between own ethnic density and screening positive for personality dysfunction for White women within the sample, once the effect of PND was taken into account (odds ratio 0.99 (95% CI: 0.90 to 1.0); p =0.134).
DISCUSSION
Main findings
We have examined the effects of ethnic density at the level of LSOA, that is, the smallest geographical area within the UK, comprising between 400 and 1,000 households. Higher own ethnic density, that is, living in a LSOA with a larger proportion of people from the same ethnic group, was protective against PND, but only for White women: women who are White British, White Irish and White-Other. Interestingly, overall ethnic density, that is, living in an area with a low or a high proportion of people from all BME groups, had no effect on the risk of PND, for either White or BME women. Moreover, ethnicity per se had no effect, after adjusting for other risk factors for PND. Finally, own or overall ethnic density did not independently predict whether women screened positive for personality dysfunction.
Relationship to previous findings
The findings of this study, which demonstrated that living in areas of higher own ethnic density is protective against common mental illness, are in line with previous research. 3 ; 28-30 Indeed our data strengthen this notion, by showing for the first time that living in areas of higher own ethnic density is protective specifically in White women against developing PND, and even after adjusting for area-level deprivation, parity, relationship status and maternal age. Moreover, our finding that own ethnic density is specifically protective for White women and not BME women is, in fact, in agreement with previous findings showing an ethnic density effect for White populations only. [30] [31] Our finding that an ethnic density effect does not exist for BME women is also in line with previous research, 7; 32-33 and particularly with the only other study that has evaluated the association between own ethnic density and PND, which found no buffering effect of ethnic density in ethnic minority women. 7 In addition to finding an own ethnic density effect, our data demonstrate that the effect is differential for overall ethnic density, and for personality dysfunction. The fact that there is no significant protective effect of living in areas of higher overall ethnic density emphasizes that living among co-ethnics is ultimately what contributes to the driving mechanism of the ethnic density effect within our sample. This could be because, social support is a very important factor for a woman vulnerable to PND, [34] [35] [36] Although we found that women who screened positively for personality dysfunction were more likely to live in areas of lower own ethnic density, multilevel regression modelling revealed that screening positive for PND confounded this association. Personality dysfunction is generally a long-term difficulty and our finding is consistent with other research which has failed to detect an association between ethnic density and other long-term conditions. 30 However, we suspect that the main reason why personality dysfunction was impervious to the protective effects of ethnic density relates to the definition of personality disorder. One of the key defining features of personality disorder is poor interpersonal functioning i.e. a general impairment in all human relationships. We hypothesise that this impairment is related to sheer proximity to other individuals, and is not specifically linked to a defining demographic feature of the other individual, such as their ethnicity.
Our findings demonstrate how a protective association between own ethnic density and PND exists for White women within the sample, but not for BME women. Again this is consistent with previous research, which found a statistically significant protective effect of ethnic density for White individuals. 30 Indeed; there might be several putative reasons as to why no significant ethnic density effect was found within our BME women. First, within the sample there were very few BME women living in areas of higher own ethnic density, as confirmed by the narrow interquartile ranges ( Table 2) , making it less likely that significant differences associated with changes in own ethnic density concentrations would be detected within the BME group, especially if there were an ethnic density effect "threshold"; in other words, the own ethnic density concentrations for the BME women in the sample may not have been high enough to exert any protective effect against PND. Second, as suggested by Halpern and Nazroo (2000) , 3 variations in the ethnic density effect between ethnic groups may represent differences in the ability of some ethnic groups to protect the mental health of their members.
In their national community survey, these authors demonstrated how the ethnic density effect for Pakistani people was not protective against mental ill health. 3 It is even possible that the ethnic density effect could have negatively impacted certain ethnic groups within our sample, but because all our ethnic groups were combined into one BME group, any negative effects for certain groups could have masked the overall putative protective effects for other BME groups.
Strengths and Limitations
Our study, the first to demonstrate a significant effect in the association between ethnic density and PND, used structured, validated instruments and appropriate statistical methods that took into account geographical clustering and non-independence of observations. Furthermore, we were able to control for sociodemographic differences between the groups, and the assessment of ethnic density was conducted at the lowest level of geography, which most studies have not done, 26 and included both own and overall ethnic density assessments.
However, the study had some caveats. First, while we demonstrate that there is a protective ethnic density effect against PND for White women in our sample, it is important to note that the effect size is small. Second, the study was based on a sample recruited from a single centre in London. Although the hospital centre covers a wide, socially heterogeneous area, the generalisability of our findings to other centres is uncertain. Moreover, excluding women with poor English fluency, who were unable to provide fully informed consent also altered the generalisability of our findings and may have introduced selection bias. However, as only 2% (n=63) of the approached sample was excluded based on this criterion, the impact of this would have been minimal. Third, we were unable to definitively measure depression and personality disorder and were instead reliant on screening measures, rather than clinical interviews. While this has allowed us to collect data on this large sample of more than 2,600 women, and both instruments have been validated extensively, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] this approach is less robust than direct interviews. Fourth, the prevalence rate of PND in our sample was relatively low compared with previously reported period prevalence rates in the UK. 9 However, the reported rate of PND in this study was a point prevalence of moderate to severe depression, in a community sample, at six weeks post partum. Since research shows that only 3-5% of new mothers develop moderate to severe PND, within the first four to six weeks after birth, 41 the prevalence rate of PND in our sample is not especially low. 41 Finally, the definitions of ethnicity used did not necessarily tap into notions of cultural identity: they did not represent religious affiliations, or the first language spoken by the participants, both of which may have influenced the protective effects of ethnic density. Furthermore, our sample consisted of 16 ethnic groups, but the small numbers of participants in some groups limited our ability to examine fully the ethnic density effect separately in all these groups.
Combining all BME women into one group represents another limitation, and may have masked any ethnic density effect, whether detrimental or protective, especially when the prevalence rates for both PND and personality dysfunction vary across ethnic minority groups, and particularly in comparison to the White population. Indeed, combining all BME women into one group may have masked the effects of factors that differ between groups, such as reasons for immigration, settlement patterns, cultural identity, family traditions and age structure.
Implications and future research
The results of this study provided some compelling evidence in support of the notion that 
Figure 1. Predicted probabilities for the association between own ethnic density and expected
Patient Health Questionnaire-9 scores in the White group Model adjusts for maternal age, positive screen for personality dysfunction, deprivation, relationship status and parity, and takes into account area-level clustering. 
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